1 Detecting Potential Changed Ohjects in |Inages The present invention
relates to detecting potential changed objects in inmages. Various techni ques
for detecting changed objects in pairs of inages are 5 known. Such techni ques
have associ ated advantages and di sadvant agek when conpared to each ot her and
their performance can vary depending on the nature (e.g. light conditions) of
the i mages bei ng processed.DetectingHPdtentian®htaaged Obleetypindmagesi nvention are
intended to detect potential changed objects in inages with an inproved
accuracy in at | easThe pisens®iention ToRepay iderrting tpdtdntianehhegdioBjéess PPME
enbodi nents can al so be inpl enented using nodul ar progranmm ng techni ques.
According to Onﬁn@q‘a@QCt of the present invention there is provided a nethod of
detecting potential changed objects in a first imge and a second i nage, where

the first and secongafigiRoReh@hués fsitddiddtingadHangey Abledss irf PSirdet Adges are
15i ncl udi ng: obtaining data describing a Tirst inmage and data describing a

second 5 known. Such techniques have associated advantages and disadvantages when

compared to each other and their performance can vary depending on the
nature (e.g. light conditions) of the images being processed.
Embodiments of the present invention are intended to detect potential
changed objects in images with an improved accuracy in at least some cases in
10 comparison with known techniques. @ Some embodiments can also be
implemented using modular programming techniques.

According to one aspect of the present invention there is provided a
method of detecting potential changed objects in a first image and a second
image, where the first and second images at least partially overlap, the method

15 including:

obtaining data describing a first image and data describing a second
image,

detecting a first set of objects in the first image data;

detecting a second set of objects in the second image data;

20 calculating a common coordinate system for the first set of objects and
the second set of objects;

converting locations of the objects in the first set and/or the second set

into the common coordinate system;



i mge; detecting a first set of objects in the first imge data; detecting a
second set of objects in the second i mage data; 20cal cul ating a common
coordinate systemfor the first set of objects and the second set of objects;
converting locations of the objects in the 2irst set and/or the second set
into the common coordi nate system 2 elimnating zero or nore said

objects in the firstelighatizérocorsaernshis ebjekrsivothe Mrgtast tandnbe Aecbh® sepj ect s
in the sets; elimnating zero or nore said objects in the first set

and the second saéed bipodiichd 6TeRd BBjebidtistHtssedd) area of overlap of the first
i mge and the second 5i mage, and outputting data indicating zero or

more remeining sai d @RhiRshTy kétotdtembie’ Sdid TBjech thEFirstesl ihdSRE RToRPLENt i &l
changed obj ect s,
that are located outside an area of overlap of the first image and the second
5 image, and
outputting data indicating zero or more remaining said objects in the first
set and the second set as potential changed objects,
wherein the step of eliminating zero or more said objects in the first set
and the second set based on positions of the objects in the sets includes:
10 calculating a distance from at least one object in the first set and a
nearest neighbour of that object in the second set;
calculating a distance from at least one object in the second set and a
nearest neighbour of that object in the first set;
eliminating a said object in the first set if the distance between that object
15 and the nearest neighbour of the object meets one or more culling criteria, and
eliminating a said object in the second set if the distance between that
object and the nearest neighbour of the object meets the culling criteria.
The data output may include all the objects not eliminated from the first
set and all the objects not eliminated from the second set.
20 The distance between the objects may meet the culling criteria if it is
below a threshold value. The threshold value may correspond to a registration
error value of a registration process used to calculate the common coordinate

system. The threshold value may correspond to 10 pixels of the first and second

image data.



wherein the step of elimnating zero or nore said objects in the first set and
the second set based on positions of the objects in the sets includes:

10cal cul ating a distance fromat | east one object in the first set and a

near est nei ghbour of that object in the secdnd set; calculating a

di stance fromat |east one object in the second set and a nearest nei ghbour of
t hat object in the fThedeteeting of thei firat $atepf abfsidindbe dicst imagerhdatd andtor $ted i f

t he di stance between that object 15and the nearest nei ghbour of the object
nmeets one or nodetectihd iafgther sdécentasetaofd objectsi mathengeaorshiithaghj dath mayt he
second set if the distance between that object and the nearest nei gh%our of

the obj ect neet petfoenalilidingg Teipiet\Windaw Filter-basedubjetatiateotidrpaligontyn.i ncl ude al |
the objects not elimnated fromthe first set and all the objects not

elininated fromthe msealdul_amgbof&aafeewmcﬁwm@inb@tmwmma@iﬁ@h@é: éndTatingreet
the culling criteria if it is below a threshold value. The threshol d val ue may

correspondst o aar@mdgraphy matriRr ror val ue of a registration process used to
cal cul ate the conmon coordi nate system The threshold value nay correspond to

10 pixel's of the firshe aMsthe® wRYdinciRBCaIRMIRY a user to select an object detection
technique from a set of object detection techniques for detecting the first set
and/or the second set of objects. The method may include allowing a user to
select a common coordinate system from a set of registration techniques for the

10 calculation of the common coordinate system.
According to another aspect of the present invention there is provided
apparatus configured to detect potential changed objects in a first image and a
second image, where the first and second images at least partially overlap, the
apparatus including:
15 a device configured to obtain data describing a first image and data
describing a second image;
a device configured to detect a first set of objects in the first image data;
a device configured to detect a second set of objects in the second image
data;
20 a device configured to calculate a common coordinate system for the first
set of objects and the second set of objects;
a device configured to convert locations of the objects in the first set

and/or the second set into the common coordinate system;



3 The detecting of the first set of objects in the first

i mage data and/or the

detecting of the second set of objects in the second i mage data nay be
performed using a Triple Wndow Filter-based object detection algorithm The
cal cul ating of the conmon coordi nate systemmay include generating 5a

honogr aphy matri x. The met hod may include allowing a user to select an
obj ect detection techniegice configurad s tlirminatezerotor desrectaicd objeetshinithel fifst fset

detecting the first set and/or the second set of objects.

The net hod may

include al | owi n@na thsescond seeb&Ed dh [SEHITPS of B chjexas i thigsletn from a set  of
regi stration techniques for the 10cal cul ati on of the common coordi nate system

According to anot her  ¥epieelconfiguree tdeRarate Zérdettrhere dabbBjet iAMAY fifRdet
apparatus configured to detect potential changed objects in a first inage and

a second image, Jphenesddipdidet Bat ardioeseaniitdid@an aréd of GaslapRATthé Atsk Imayer | ap,

the apparatus including: 15a device configured to obtain
first imge andaddkre second image, and

data describing a

a device configured to output data indicating zero or more remaining said

objects in the first set and the second set as potential changed objects.

wherein the device configured to eliminate zero or more said objects in the

first set and the second set based on positions of the objects in the sets is

10 arranged;

to calculate a distance from at least one object in the first set and a nearest

neighbour of that object in the second set;

to calculate a distance from at least one object in the second set and a

nearest neighbour of that object in the first set;

15 to eliminate a said object in the first set if the distance between that object

and the nearest neighbour of the object meets one or more culiing criteria, and

to eliminate a said object in the second set if the distance between that

object and the nearest neighbour of the object meets the culling criteria.

According to yet another aspect of the present invention there is provided

20

a computer program product comprising a computer readable medium having
stored thereon computer program code means which when the program code
means are loaded and executed on a computer, implement a method of
detecting potential changed objects in a first image and a second image, where

the first and second images at least partially overlap substantially as described



describing a second inmage; a device configured to detect a first set of
objects in the first inmage data; a device configured to detect a second set of
objects in the second i nage data; 20a device configured to calculate a common
coordinate systemfor the first set of obje®ts and the second set of objects;
a device configured to convert |ocations of the objects in the first set

and/ or the secohdrefret i nto the common coordi nate system 4 a device
configured to elimnate zero or nore said objects in the first set and the

second set based onApesdingotasond dspectobf eed pregent Haveriba; there is providéd dgvi ce
configured to elimnate zero or nore said objects in the first set and the

second set that nigtifod OFf dbetiny bdichbaldehatiged dYjedky e laafrspimadee ahtir $lsebompe Sand
t he second i mage, and
image, the method including:
5 obtaining data describing a first image and data describing a second
image;
detecting a first set of objects in the first image data and a second set of
objects in the second image data using a Triple Window Filter-based object
detection technique;
10 calculating a common coordinate system for the first set of objects and
the second set of objects using a homography matrix;
converting locations of the second set of objects into the common
coordinate system;
removing zero or more said object from the first and the second set that
15 does not correspond to a potentially changed object, and
outputting data indicating zero or more said object in the first set and the
second set as potential changed objects.
Whilst the invention has been described above, it extends to any inventive
combination of features set out above or in the following description. Although
20 illustrative embodiments of the invention are described in detail herein with
reference to the accompanying drawings, it is to be understood that the
invention is not limited to these precise embodiments. As such, many
modifications and variations will be apparent to practitioners skilled in the art.

Furthermore, it is contemplated that a particular feature described either



a device configured to output data indicating zero or nore remaining said
objects in the first set and the second set as potential changed objects
wherein the device configured to elimnate zero or nore said objects in the
first set and the second set based on posi®Rons of the objects in the sets is
10ar r anged,; to calculate a distance fromat |east one object in the first
set and a near e@idividialiploeas paft dof katensijdiraént dant feecsrisinad withtather individ@ally
calculate a distance fromat | east one object in the second set and a nearest

nei ghbour of t haksaibetdéatures! Bepdris' sflotist tembldaiiertts| élenat Biedthér féatofdLaid i n the
first set if the distance between that obj ect and the nearest nei ghbour of the

obj ect meets onenbodifidrts erdkel MW nidntibRdfahe Paftidutar fehtlirdlatmud, & fhveRiiG@Ft 10
the second set if the distance between that object and the nearest nei ghbour

of the obj ect @%ﬁdéf@sﬁﬁ'ép\e@ﬂc%hbﬁfah@ns AStcaedtipdeé@ink@! anot her aspect of
the present invention there is provided 20 a conputer program product

compr i Si ngs a comput i [RAARH Mael sidiAKl 19 vaiQiseHajd1 BhBORy SRS ERIPYT am

code neans whi ch when the progr nmeans are | oa and ex

computer, i I eRRAL B Merdf i ol BE&ReA! AdRRES Benly f FahS bl 11!

i mge and a second I nage, where irst and second | nmages ['east partially

overlap substantiahsaihgdia®iig?swhich:
Figure 1 is a schematic drawing showing a computing device configured to
execute an image processing application;
10 Figure 2 is a flowchart that illustrates steps performed by the image

processing application, and



5 herein. According to one aspect of the present invention there is

provi ded a nethod of detecting potential changed objects in a first inmage and
a second i nmage, the method including: 5obtaining data describing a first inmage
and data describing a second i mge; detecting a first set of objects in
the first imge data and a second set il objects in the second i nage data
using a Triple Wndow Filter-based object detection technique; 10cal cul ating a
common coor di fragwesys8Aem BOr illustrate isshesaticalfy cipeeatiansapdrfomeed epyprileset of

obj ects using a honography matri x; converting |l ocations of the second
set of objsgpligation.0 the common coordi nate system removing zero
or nore said object fromthe first and the second set that 15does not

correspond to payRet ¢nshGs YchBaRERIPR €6Mpu@RE device 100 that includes a
processor 102 and an internal memory 104. It will be understood that the
computer can include other conventional features, such as a display, user input
devices (e.g. a mouse/keyboard), an external memory and network connections.
The memory 104 stores code including an application 106 that can be used to
process image data 108. Again, it will be understood that the set up shown is
exemplary and the image data may be stored in another location, e.g. a remote
computer accessed over a network.

Figure 2 shows steps performed by the image processing application 106.
It will be understood that the steps shown are exemplary only and can be
performed in a different order and/or some of the steps may be omitted. The
process starts at step 202 with the receipt of data describing first 203A and
second 203B images. It will be understood that the image data can be of any
format and will normally, but not necessarily, be stored in two separate files.
The two images will normally be associated, e.g. show the same location at
different times and/or perspectives, and can include at least one object. Typical
applications include images where the objects comprise targets that are to be
monitored for security reasons or the like. An object can comprise any body,
e.g. a vehicle, that is capable of visually-discernable change, e.g. change in
location or another state, such as size, damage, bearing, etc.

At step 204 an object detection algorithm is applied to the first and second

image data. In some embodiments, the application 106 is written using modular



outputting data indicating zero or nore said object in the first set and the

second set as potential changed objects. Wi | st the invention has been
descri bed above, it extends to any inventive conbination of features set out
above or in the follow ng description. though 20 illustrative enbodi nents

of the invention are described in detail herein with reference to the
acconpanying drawings, it is to be understood that the invention is not
limted t@erograsenmgeteichpigerbad thah tpse-eAssting doftweraynoduae$ icaat hbensedrid
variations wll be apparent to practitioners skilled in the art. Furthernore,

it is contemeratfidebdicdorfe RNt stop&r Foratstbecslaperddiest ddtebwsn step magi vi dual Iy
or as part of an enbodi nent can be conbined with other individually described

f eat , f i t i : d
catures, ol PRI OISk AR TBY SrorfEoldry | Nineh oo 8lightvand

enbodi ments neke no nention of _ rticular ure. - e I nvention
ext ends t e RS FLesSEI8E DRI DSk, & A aan et iR | on, 12
et B BE kel 6 SRR o o 3y SR Lt 0 1
configured to execute an image processing application; 10Figure 2 is a
f | owchart suiablei algogihnates. et ﬁéewmﬂ@mgﬁebgase@aigﬁi@l@rnmambgng. A
application, and

technique of this type is described in Himayat N., “A Structure for Adaptive

Order Statistics Filtering”, IEEE TRANSACTIONS ON IMAGE PROCESSING,

VOL. 3. NO. 3, MAY 1994, pp265-280. Many other object detection techniques

could be used. In astronomy this technique is often referred to as “source

extraction” because point-like radio sources (that appear as typically Gaussian

Point spread functions in resulting images) need to be detected. An example of

this type of algorithm is described in Richard S. Savage et a, “Bayesian Methods

of Astronomical Source Extraction”, 2007 ApJ 661 1339-1346. Other

approaches that can be used include the Matched Filter (see John Bancroft,

“Introduction to Matched Filters”, CREWES Research Report. Volume 14 (2002)

pp 1 — 8); Template matching (see Aparna Lakshmi Ratan et al, “Object

Detection and Localization by Dynamic Template Warping”, International Journal

of Computer Vision, Volume 36, Issue 2 (February 2000) pp 131-147); the

Mexican hat wavelet filter (see J. Gonzalez-Nuevo et al, “The Mexican Hat

Wavelet Family. Application to point source detection in CMB maps”, Mon. Not.

Roy. Astron. Soc. 369: 1603 —1 610, 2006; see also http://arxiv.org/abs/astro-

ph/0606199 ).



6 Figures 3A - 3Cillustrate schematically operations perfornmed by the
application. Figure 1 shows schematically a conputing device 100 that

i ncl udes a processor 102 and an internal nmenory 104. It will be understood
that the conputer can include other co;a/enti onal features, such as a display,
user input devices (e.g. a nouse/ keybodrd), an external nmenory and network
connections. The nenory 104 stores code including an application 106 that can
be used to prdtesebjeshgetatiivpa dgarithAyautputs tdaba I(Tlistie) neplesentingl at heastt he set
up shown is exenplary and the inage data may be stored in another |ocation,

e.g. a re@hbeobj@ﬁpdbﬁ#ctatQe&ﬁ@dirstviﬁliagfie 2OBWOEKd data (“liStTYIrep2sehimg 8t eps
performed by the inmage processing application 106. It wll be understood that

the steps |shqWhedife & RIBERE N HY gemdiﬁﬁpnebgomr formed in a different order

and/ or some of the 'steps nay be omtte e process starts at step 202 with
t he recei pt of,.d crl bi f L.secan B, | wll be
under st ood thfft %ﬁé ?@Zgéﬁ a%@gdc%ﬁ%%&wg%gq%ﬁn@t g%‘ﬁ%%\m“} Fﬁﬁgﬁﬁtﬁ%bg but not
necessarily, be stored in t eparate files. The two images will normally be
hesoc! at eFE0RNG IMeRR Aol QKPS 16 BIMTDA PR EINBte TR HpoFan be
perspectives, and can include at | east one object. Typical applications

i ncl ude i msgdstovdress e dagasions of piectsdntthe gwosinagas. aP@ainp esu@diet ored for
security reasons or the like. An object can conprise any body, e.g. a vehicle,
t hat is c&pabineohéctviegistiatipn dilgaréhmatlbg behasegk sueh@as tbbargs discussedtinon or
anot her state, such as size, damage, bearing, etc. At step 204 an obj ect
det ecti on zZaogaraddMusserPMinage registiaBiohi methocrRd asQaQBY, IIFREGe Sdd AfisibA SOme
enbodi ments, the application 106 is witten using nodular ~7 programm ng

t echni que 1 r @()(:}ps LRag t e e : rf.Qrm at

| east son’g;(%ﬁp%@ s@eg%. o?v?n%mciﬁét%@o jsgét ete(gac?flg%&gi' p&enag;ygcall a
suitabl e software dule (e.qg. f .a |librar which allows alternative

ot ecti on FRLHRPASES Ay wedatasad) T seodhd) s iBish e Bvauis Beb SR B gor i « s
may be nore efficient or effective for particular types of objects or inages.
Any suit abh@ cargitionhpgtweey. the tyyq pnages AReViinding &e Bass@tiand6r igenridan be
used. A technique of this type is described in Hnmayat N, "A Structure for
Adapt i ve Orahsfortadionsthaisnaxintiges tivg' conr@aHoTRANSNE Preitg eONern MG EPRROTESS| NG,
VOL. 3. NO 3, MNAY 1994, pp265-280. Many ot her object detection techniques
coul d be dsgttre-basés tregitmayioh hisshhirelentiaieinvsivest ediculafieg r&chdmogaphgour ce
extraction" because point-like radio sources (that appear as typically

ussian kRehk tRRf @ﬁ@oéé&nfﬁé eaérdlﬁétéQ?eHszf:(?r?ﬁbhetW%dc ng%tﬁ%d?ﬁalﬁéa Grl € n

exanpl e of this type of algorithmis ink S. Savage et a,
Gher appriaefR il iiBbER2RE L nERERTs TR HolBarmptitasel velbbabi, ¢

Bancroft, "Introduction to Matched Filters", . Resear ch orf. Volume 14
(5002) pp 1gCNigyes HART M THagen A 4red dro o e I eRRI R a0 HHeTglore  ap) bot

Det ection and Localization by Dynam c Tenpl ate Warping", International Journal
of Conput &¥ithalidfetent fieldsuakview, and paespectivebioues ligoed Fo dhatiBeirconfentshe
Mexi can hat wavelet filter (see J. Gonzal ez-Nuevo et al, "The Mexican Hat

Wavel et Faanlbhe céppbrechby snbsequaitiprosessirge dhedwnmagraphy GhBrirmas"theivbn.  Not .
Roy. Astron. Soc. 369: 1603 -1 610, 2006; see also
http://ar pevussdl! absteps20PPole®Bet 8 JocatiBns of objects in the list1 and list2
data. The common coordinate system calculation step may also call a suitable
pre-existing software module. The application may give the user an opportunity

of selecting which algorithms/modules are to be used and may allow provide a

facility to configure the selected algorithm(s).



The object detection algorithmoutputs data ("listl") representing at | east
one object detected in the first inmage 203A and data ("list2") representing at
| east one object detected in the second i mage 203B. At step 206, an
object registration algorithmis applied to the first and second image data in
order to provide a common coordi nate systemthat can be used to express the

| ocations of objects in the two images. Again, a suitable known object

regi stration ahgone lembedimestsoédhe qureberismetieodnthe tHgisitasioadaigoritimmova and
Flusser, "lInmage registration nethods: a survey", Image and Vi sion Conputing 21

(2003) 97(s&806bmphses Woe shegrabag SesnSbrrv g desesbat én fteatdy-petdingd and
area-based. This second class typically involves calculating the correlation

bet veen tiidioaroiBaRSns il i 05U REENSY thé PRORBPBT R/ pBEBRN sl droghor mat i on)

that maxi m ses the correlation. In the preferre Iment, a feature-based

121Ut o0k seamaus bk LAkel RicRbR e e RO oL P
s o e e God A ORI RIS FETMSH kRGeS

different fields of view and perspective) to be aligned so that their contents
can be corglgrenca)y Blekwdheae patetcapplitgtioms seseripe raregistiation flgedihmhen be
used, at step 208, to convert the locations of objects in the Usti and |ist2
data. The imvives seteptidgnat rospgtaphyc ahaddl afromn pstng pcoregspringlenced |ofaasui t abl e
pre-existing software nodul e. The application may give the user an opportunity

of sel ect igagotBtehinfEOpaiF; HTEiREHIbeMteR g é&n%rk@?én@@ﬁc@@ﬁoﬁi & pwirRyrovi de a
facility to configure the selected al gorithn(s). In some enbodi ments

of the pr ; ] t St ah d e i L !

homogr aph%% ? %ﬁs@n’%ﬁ%%ﬁﬂé@%@i fe%ﬁélﬁ&{@eﬂggﬁ)%#@gﬂsﬁ ent ‘L"gg’zw %rtcbg?i ons
filed in th namaT .of th(g:-iglgro r.ietor of .the esent case on 28th Qct.ober 2008
as Briti sﬁ“%‘&? At 'Ai9C CAETIF M. C¥8R$739 ! Lﬁ%ﬂe@fﬂ%%ﬁr{’rp’&?%?a Mcation
no. 08275065.4 (the contents of which are hereby incorporated by reference).
Briefly, tORPSEaRE &9 %B"Q%é@ﬁ‘%ﬁl@n‘éiéﬁcﬁﬁcb’é'% ?@'@,éh@té?"%ﬁeaﬁ gexe €Mei nvol ves
sel ecting a honography nodel from point correspondences of an associ ated i mage
pai r; a mspheatl of poink selectign pyenthe: mnagss mnddemibas pfovice forpsdlected paddseci at ed

i mges; a nmethod of cal cul ati ng a honography transfornmation; and a nethod of

i mage di f fieienspregd foan@r AsamothanpleuTEid the case Brthe@he erample BEMPUNGt r ai nt s,
e.g. partition zones and an excl usion zone, that provide a nore even spread of

poi Nt sel RBhERRINGY fereNfot MM f‘eméW%PrRéﬁ@attedi’_réyéﬁg)rfsobfS&Jn%ihﬁﬁbﬂi’@d?.tS to be

spread further apart, than uld be the case it t one or nore sanpling
constraints.were_n i . ect] I of

poi nts na %Bﬁéigé‘g%@%’eg&@ﬁ&ﬁﬂé%%ﬁﬁ@? Fgﬂ?r@r%{eghagﬁ% d%ﬁeéﬁﬁ'gfgtégﬂd;énn?{sé?i C manner
may be tailored tp an escape condition. In one of the enbodi nents, the nethod
0r cat cul SAHGE A HSRR AP FBHFCEPa ONGHIH: 1 BrPEe STaSOd SR FRINSHe or more
sanpling constraints that provide a nore even spread of point selection over

t he i mage Of aigWatingha& hepmegraehy dranséreatien ponpiises: oinereniag ong er apart ,
than woul d be the case if the one or nore sanpling constraints were not

i mpl ement exorepsarhplimg cgnsaaiptsethabsevidesa owret exd@meprdayl dhpoisaisplactign
constraint or constraints to select the honography nodel; filtering the point

COr r eSpONGRBE QRe URidye, tdtRl/Gretrit gdvidRIr s@lBeteBepdifta i beA spRRY fUFeierr es
met hod on the point correspondences that remain after the filtering step. 10

Sone of t i LA 4 ' i C e sane
physi cal %E)jagtg{”%{rﬁ%u%ggggﬁgﬁ? es"dt@%;o n;e?gE é)? %r%gﬁﬁ s”sngo@f@?r%ﬁﬁg%érgrr{e&pri marily
concerned.with elimnating.any of the objects found.in the |nmages t.hat don't
cor r ospond Pl RGeS IPTIRE L5 plec CSRRETLS el 1R o, hE” SERRIRG: o5°310a
a nearest nei ghbour algorithmis applied to calculate the djistance from each
obj ect in °Pf‘§t?'§'nf ®ri eQNsi@dhiesio ﬁ@ﬁeﬁgﬁ%rhqfﬂogﬁa@hi. medel; sfilieriagl BeReIK near est
nei ghbour algorithm e.g. brute force, nay be used. The distances cal cul ated
are st or egomedpandsncgs Qsipg s selestdch maxddl; hadi perfelimsnare deasthaqudrasl bel ow a
threshold are renmoved fromlistl . This renoval of objects is based on the
assunpt i ométhatl onfthevaittjoedspoadenctss that esmain #prto filtatied gtephe sane | ocation
in the two i mages then neither corresponds to a change. In the exanple, this
is done by cal culating the distance between an object and its nearest

nei ghbour, but alternatives are possible. As illustrated in Figure 3A, object
Al in the first inmage 203A and object A2 in the second i mage 203B are

D S | N R o e . . - - - a D - T P | D L I P PR . 2 . L



obj ect. The optinmum value for this paraneter nmay be data dependent and so the
application may be nodified to cal cul ate the nearest nei ghbour threshold at
runti me, based on the input inage data. This threshold could be either global,
but derived froma summary statistic s Bh as the mean symmetric transfer
error. Alternatively, the threshold can*be local, that is, the threshold may
vary with position within the image to allow for areas where the

honogr aphy- basssne efjittst datccted dbjects i liat1 laaddisé? auill aomes@Ndint ihei sdmeg t hi s
paraneter, the performance of algorithmnmay be inproved both in terns of TPR

(True PosiphiygizaRabjert.amde HuBsegastestBps ef\ies Yrdtadse) of Bylreabseiprinmatigs of the
m ni mum novenent of an object that the application is capable of detecting as

a change. concerneﬁhﬁ/it?eﬁgbliﬂbﬂﬂg %?iyreéf thd glb]néc?é Fodd Witﬁ? {?@itagb? Ltﬁ gRAN!

detected objects tha € no correspon g object in ave noved

sufficient]y f ' i f.fe jects). However, not all
of the rer?&?[rﬁ?ﬁé”‘ig? g@?rié)ea$§ @i@@éﬁ%ﬁ%%&%@;h% en the first 203A and
second 203B i nages a ot necessar.ily constrained to overlap c letely, it
's possi bl e f A SBPeRIQA i NERFESt R BNEOWFIGPHIT Ha RRUETCEH CRICHERE ithe  he
second image (and vice versa). For instance, in Figure 3B, the only two

obj ect s t figtanee fropt gael objedt tie lisilelol ilpneaiost agighbeur i H3t2aniny sditalei nages
are Cd (in the first imge 203A) and C2 (in the second i mage 203B). The

obj ects Dknemth Beargst neighbded algorithen, f &.gstbruteaderoen! magnie t isechbj €hés F2 and
& are included in the second inmage only. Such objects are circled in the

Figure forgidthhess ralidlsteBUaROSq6red tands a'ﬁoéteEOQ?riZN Bbjedtss Ug hiigt®RSBavihg
determ ne whet her these objects constitute changes between the two i mages and

S0 any obj I 4 i verl W‘%d"’f’r : fig st second

i mges ar ﬁ%@%%gr]g{eaé 1?'r?om \?s%j?}r%?ﬁgsltee%ez%il n ?ﬁ]eh%jan%p%,r istaijo\%vi Il now
only conprise.object C, only. . sh i.n, Figure 2, steps, 210B.- 214B are
s oxer GRS TRoDESEbeR A Misn2ssHriRiefottAL & L2 pebiBehn oo BRI dBect i ver y.
but involve calcul ati ng the nearest nei ghbour distance between all objects
from | i st 2PPEOXIREtely (g pametlaeation ipihedwp imaaes dien neithercogiesporddiQ @ r enovi ng
obj ect s havi ng nearest nei ghbour distances falling below the distance

t hr eshol d chaoge! i lst theagxhmplep¥tings agnecby dalcutatingsthe distande beiovaesi de t he

regi on of overlap between the first and second i mages. In the exanpl e of

Fi gures 3objectahonitd heamsit dieighpauecbutCternhiived by pexsiblet iAgnillgétratbe iat eps. |t
w Il be understood that the steps 210A - 214A and 210B - 214B may be coded to

execute i rrigur%eﬂaa,e&ﬁbéﬂ A®'in grf;s't %ngggmm 4d Bbﬁéﬁh%n%@‘é‘é%h@%%ag@ar all el

progranm ng techni ques). Furt than a single pair of associated inages

may be co e C | der LGl ent jects

out si de o?b?ﬁe reesgefpgﬁa%%i fg@ﬁr%gb‘ (gtﬁ ?%Wtsﬁgga%r? %@P%é Igﬁ{j %t% haerleg%rgbéélty O[ﬁéi ghbour
cull, thereby reduci t he demands on the neapest neighbour algorith

roever, SRME BBECH HAGcSARe At BAPIEH (o BoIRRt Paddbedige Aaseis ogir eby an
object is culled just outside the overlap region_that woul d have matched an
obj ect i nf4ideteripdincthg setndaeagfeth he exarenlgi ndhese objests ape cegedrinby t he
size of the distance threshold (i.e. registration error), but the added

conpl exi t yhe Figurplfentustedtiverpurpaseswul d result nmay not be justified in view of
smal | optim sation this m ght provide. The remai ning objects in listl and

list2 are nerge @reSioid distande® nif Be @estd18bRespeid &l thefedistpdt@psetrbat form
the output of the application before it ends at step 218. The data can

conpri se i st ﬁﬁﬁﬁ fALSt .l e nd a |ist
of obj ect ghél’tln%f ﬁ@é srg%gn i r%‘%é‘b?ﬁgt"’@@%ﬁ E@"%n%ée@%%e{hﬁgy C%?sqgﬁﬁnggﬁgg%t ain zero
objects if, no.changes were detected).. In alternative enbodinents, further
o boessi e SDOLaTTEA0E. Fok e e FTEARN Fofies 1By dpPighondences
between the objects in the lists, e.g. specify that object C2 in the second
i mage is poPETeR{plign Qféfi‘\%ﬁﬁﬁoq,e@é’iagw 6?195]”&4,§ was idgniitied A& BUifaRlge, and so
on. Data describing the nerged |ist can be displayed to a user, stored for
furt her prvatesstoriige neatsst deghibdiunghresholde Tietubsholdtisiueed in datermitine
processi ng application 106.

whether detections in two overlapping images correspond to the same physical




14 CLAIMS 1. A nethod of detecting potential changed objects in a first inmage
and a second i mage, where the first and second i mages at | east
partially overlap, the 5method including: obtaining data describing a first

i mge and data describing a second inaﬁg; detecting a first set of objects in
the first imge data; detecting a seco set of objects in the second i mage
data; 10cal cul ating a common coordi nate systemfor the first set of objects
and t he sobjed. Bee opfimob) eglus;for this parameter may be data dependent and so the

application may be modified to calculate the nearest neighbour threshold at
runtime, based on the input image data. This threshold could be either global,
but derived from a summary statistic such as the mean symmetric transfer error.
Alternatively, the threshold can be local, that is, the threshold may vary with
position within the image to allow for areas where the homography-based
registration is more or less accurate. By optimising this parameter, the
performance of algorithm may be improved both in terms of TPR (True Positive
Rate) and FDR (False Discovery Rate), but also in terms of the minimum

movement of an object that the application is capable of detecting as a change.

The remaining objects in list1 at this point represent detected objects that
have no corresponding object in list2 (or have moved sufficiently far so as to be
considered different objects). However, not all of the remaining objects are
necessarily changes. Given the first 203A and second 203B images are not
necessarily constrained to overlap completely, it is possible for objects in list1 to
lie outside the area contained in the second image (and vice versa). For
instance, in Figure 3B, the only two objects that are located in the overlap
between the first and second images are C1 (in the first image 203A) and C2 (in
the second image 203B). The objects D1 and E1 are included in the first image
only and the objects F2 and G2 are included in the second image only. Such
objects are circled in the Figure for illustrative purposes. It is not possible in
such cases to determine whether these objects constitute changes between the

two images and so any objects that lie outside the overlap between the first and



converting locations of the objects in the first set and/or the second set
into the common coordi nate system elimnating zero or
objects in the first set and the second set 15based on positions of the

objects in the sets; el i mnating

ero or nore said objects int

set and the second set that are |ocated?outside an area of overl ap of
i mge and the second inage, and outputting data i
zero or nseeosdiiniages ece sliscardde frbim Bst1 sadtstem@184Ae POhecarainEler listd wibt ent i al

first

changed obj ect s,

nore said

he first
t he
ndi cati ng

wherein the step of elimnating zero or nore said objects in

the first rmiompd;oh{mm@@t(sebn@ased on positions of the objects in the sets
i ncl udes:

set and a neangstngRhoibpifuref2 ! BRpsobi @8, P14BNEr ARRNEx8Blted, 1These

calculating a distance fr

nearest n

obj ect

nei ghbour o

in

calculating a distance fromat |east one object int

t one obj ect secon set and

‘?%O%Eﬁﬁ%s?&gﬁ&%?ﬁ PRE HiebB . a1BAu o velds ieseesiively | Bk

meets one or re culling criteria;
gour distance b L%ween gaII objects from ?‘s& to list1

caicu arllng ttlzile nearest neigh
(rather than from list1 to list2, as in step 210A), removing objects having nearest
neighbour distances falling below the distance threshold from list2 and removing
objects from list2 that lie outside the region of overlap between the first and
second images. In the example of Figures 3, list2 will contain object C2 only
after execution of the steps. It will be understood that the steps 210A — 214A
and 210B - 214B may be coded to execute in a sequential or parallel manner
(e.g. using conventional parallel programming techniques). Further, more than a
single pair of associated images may be compared.

It may be considered more efficient to cull objects outside of the region of
overlap prior to carrying out the nearest neighbour cull, thereby reducing the
demands on the nearest neighbour algorithm. However, this could have the
potential to introduce edge effects, whereby an object is culled just outside the
overlap region that would have matched an object inside. This could be avoided
by extending the overlap region by the size of the distance threshold (i.e.

registration error), but the added complexity in implementation that would result

may not be justified in view of small optimisation this might provide.

The remaining objects in list1 and list2 are merged at step 216 to form a
single list 217 of changes that form the output of the application before it ends at

step 218. The data can comprise a list of objects in the first image that have

he first

a sald
ear est



S5elimnating a said object in the second set if the distance between that

obj ect and the nearest nei ghbour of the object neets the culling criteria .
2. A method according to claim1, wherein the data output includes all the
objects not elimnated fromthe first S t and all the objects not elimnated
fromthe second set. 103. A nethod according to claim1 or claim?2, wherein the
di stance between the objects neets the culling criteriaif it is below a

t hr eshol d chahged amd/a hisit dfaabjecis on therngecand Inadge Batwiaseathangked (elinerslisdl d val ue
corresponds to a registration error value of a registration process used to
cal cul at e e conamn zeaer chjpeise ifsyidt @Mandes . weretdutdeiresor dnnaltemativai m 4,
wherein the threshold val ue corresponds to 10 pixels in the first and second

| mage dat dmpdimniE iRAeRREYEAG ey BAYeAEA Buttb BHRFAYE End AikE, vher ein

or correspondences between the objects in the lists, e.g. specify that object C2
in the second image is potentially a changed version of object C1 in the first
image, and so on. Data describing the merged list can be displayed to a user,

stored for further processing, etc, depending on the overall nature of the image

processing application 106.



detecting of the first set of objects in the first imge data and/or the
detecting of the second set of objects in the second i mage data is perforned
using a Triple 20Wndow Filter-based object detection algorithm 7. A nethod
according to any one of the preceding claifd, wherein the calculating of the
common coordi nate system i ncludes generating a honography matrix. 16 8. A
nmet hod according to any one of the preceding clains, including allow ng a user
to select an object detection technique froma set of object detection

techni ques for detecting the first set agg/apust he second set of objects. 9. A
met hod according to any one of the preceding clains, including 5allowng a

CoF o ST oner TheAERoBLr AN YAl R85l 9 T U o
second image, where the first and second images at least partially overlap, the
5 method including:
obtaining data describing a first image and data describing a second
image;
detecting a first set of objects in the first image data;
detecting a second set of objects in the second image data;
10 calculating a common coordinate system for the first set of objects and
the second set of objects;
converting locations of the objects in the first set and/or the second set
into the common coordinate system;
eliminating zero or more said objects in the first set and the second set
15 based on positions of the objects in the sets;
eliminating zero or more said objects in the first set and the second set
that are located outside an area of overlap of the first image and the second
image, and
outputting data indicating zero or more said objects in the first set and the
20 second set as potential changed objects,
wherein the step of eliminating zero or more said objects in the first set
and the second set based on positions of the objects in the sets includes:

calculating a distance from at least one object in the first set and a

nearest neighbour of that object in the second set;



10. Apparatus configured to detect potential changed objects in a first inmge
and a second i mage, where the first and second i mages at |east partially
overl ap, the apparatus including: 10a device configured to obtain data
describing a first inage and data describi 1§ a second i mage; a device
configured to detect a first set of objects in the first inage data; a device

configured to detectcacigieng dRanc fromi f&clbasti dhel bisieSteintng d6EBEE seblbad al5a
device configured to cal culate a cormmon coordi nate systemfor the first set of

obj ects and t henggeansei§kioupof PRk B6jESt in the first etdevi ce configured to convert
| ocations of the objects in the first set and/or the second set into the

conmon coordi nate Sygiffhting a said object in th f#§\dek & tRO BfstaHeb asbthvEePtabBRe zero
or nore said objects in the first Set
and the nearest neighbour of the object meets one or more culling criteria; and
5 eliminating a said object in the second set if the distance between that

object and the nearest neighbour of the object meets the culling criteria .
2. A method according to claim 1, wherein the data output includes all the
objects not eliminated from the first set and all the objects not eliminated from
the second set.

10 3. A method according to claim 1 or claim 2, wherein the distance between
the objects meets the culling criteria if it is below a threshold value.
4. A method according to claim 3, wherein the threshold value corresponds
to a registration error value of a registration process used to calculate the
common coordinate system.

15 5. A method according to claim 4, wherein the threshold value corresponds
to 10 pixels in the first and second image data.
6. A method according to any one of the preceding claims, wherein the
detecting of the first set of objects in the first image data and/or the detecting of
the second set of objects in the second image data is performed using a Triple

20 Window Filter-based object detection algorithm.
7. A method according to any one of the preceding claims, wherein the

calculating of the common coordinate system includes generating a homography

matrix.



20and the second set based on positions of the objects in the sets; a
device configured to elimnate zero or nore said objects in the first set and
the second set that are |ocated outside an area of overlap of the first image
and the second i nage, and 17 a devi dé configured to output data

i ndicating zero or nore said objects in the first set and the second set as

potential changgd objegkthod according go\/\ﬁaﬂzebme tdethdepieeedingntiadhs, ethcling
elimnate zero or nore said objects in the first set and the second set based

on positions of afidi@ngti @sésStd Belbeah & dt-"‘de’?éﬁ‘tibﬁﬂﬁ@ﬁhi%ue from ta0sé@bE BbjeEE a
di stance fromat |east one object in the first set and a nearest nei ghbour of

that object in Hgl%cﬁ@rpfé@ﬁniagés' for detectif@tHedrétef bRd/Br tHedeRBAE sbf Bifdctd east one

object in the second set and a nearest™ nei ghbour of that object in'the first

oni et e A TR RS U bt HackiRoltaingcpdmteey,
criteria, And  gowing a user to select from a set of registration techniques to determine the
calculation of the common coordinate system.
10.  Apparatus configured to detect potential changed objects in a first image
and a second image, where the first and second images at least partially
overlap, the apparatus including:
10 a device configured to obtain data describing a first image and data
describing a second image;
a device configured to detect a first set of objects in the first image data;
a device configured to detect a second set of objects in the second image
data;
15 a device configured to calculate a common coordinate system for the first
set of objects and the second set of objects;
a device configured to convert locations of the objects in the first set
and/or the second set into the common coordinate system;
a device configured to eliminate zero or more said objects in the first set
20 and the second set based on positions of the objects in the sets;
a device configured to eliminate zero or more said objects in the first set

and the second set that are located outside an area of overlap of the first image

and the second image, and



to elimnate a said object in the second set if the distance between that

obj ect and the nearest nei ghbour of the object neets the culling criteria. 11.
A conput er program product conprising a conputer readable medium 15 having
stored thereon conputer program code neans1%hi ch, when the program code neans

are | oaded and executed on a conputer, inplenent a nethod for detecting
potential changed obj@elise 36RfJufedth b@paiyat® MRlicHting|z8HdT8r Aok@®s8id objects in

10

15

the first set and the second set as potential changed objects,

wherein the device configured to eliminate zero or more said objects in
the first set and the second set based on positions of the objects in the sets is
arranged;

to calculate a distance from at least one object in the first set and a
nearest neighbour of that object in the second set;

to calculate a distance from at least one object in the second set and a
nearest neighbour of that object in the first set;

to eliminate a said object in the first set if the distance between that object
and the nearest neighbour of the object meets one or more culling criteria, and

to eliminate a said object in the second set if the distance between that
object and the nearest neighbour of the object meets the culling criteria.
11. A computer program product comprising a computer readable medium
having stored thereon computer program code means which, when the program
code means are loaded and executed on a computer, implement a method for

detecting potential changed objects according to any one of claims 1 to 9.



